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(57) Abstract: A tolerance ring (152) is provided to axialiy support a first member, such as an actuator cartridge bearing assembly 
(112), about a second member, such as a post (132). The tolerance ring is configured to have increased hoop strength to resist 
deformation during handling and installation. The tolerance ring has a substantially cylindrical base portion (148) from which a 
plurality of spaced apart contact portions, or corrugations (146) extend. A brace portion (154, 164) circumferentially extends from 
the base portion to increase the hoop strength of the tolerance ring. 
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TOLERANCE RING WITH HIGH HOOP 
STRENGTH TO RESIST DEFORMATION 

Related Applications 

This application claims the benefit of United States Provisional Application 
No. 60/181,173 filed February 9, 2000. 

Field of the Invention 

This invention relates generally to the field of disc drive storage devices, and 
more particularly, but not by way of limitation, to a tolerance ring with increased 
hoop strength and resistance to deformation. 

Background of the Invention 

Modern hard disc drives comprise a mechanical housing which encloses one 
or more rigid discs that are rotated at a constant high speed. Data are stored on the 
discs in a plurality of concentric circular tracks by an array of transducers ("heads'") 
mounted to a radial actuator for movement of the heads relative to the discs. 

The heads are mounted via flexures at the end of a plurality of arms that 
project radially outward from an actuator body. The actuator body pivots about a 
pivot shaft, such as a vertical post which extends upwardly from the housing. The 
post is parallel with the axis of rotation of the discs so that the heads move in a plane 
parallel with the surface of the discs. 

Typically, such radial actuators employ a voice coil motor to position the 
heads with respect to the disc surfaces. The voice coil motor includes a magnetic 
circuit mounted to the disc drive housing and a coil mounted on the side of the 
actuator body opposite the head arms so as to be immersed in the magnetic field of 
the magnetic circuit. When controlled current is passed through the coil, an 
electromagnetic field is set up which interacts with the magnetic field of the 
magnetic circuit to cause the coil to move in accordance with the well-known 
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Lorentz relationship. As the coil moves, the actuator body pivots about the post and 
the heads move across the disc surfaces. 

In the manufacturing of a disc drive, it is important that the actuator 
assembly be placed in the proper location, centered on all three axes, longitudinal, 
latitudinal, and translational (x, y, and z) with respect to the discs. Typically, the 
actuator assembly has a large bored recess which accommodates a cartridge bearing 
assembly with a pair of ball bearing assemblies to accommodate rotation of the 
actuator assembly about the z-axis. The cartridge bearing assembly includes an 
inner bored recess to allow the actuator assembly to lit over the pivot post. The 
diameters of the large bored recess and the inner recess are maintained within 
predetermined, close tolerance ranges. 

A tolerance ring can be advantageously used to compensate for variances of 
the part manufacturing tolerances and thus retain the proper positioning of the 
actuator assembly in all three axes. Typically, prior art tolerance rings consist of a 
corrugated sheet of metal formed into an open cylindrical shape. The tolerance ring 
is then provisioned around the post and stationarily held in position by an anchoring 
groove in the pivot post. In most applications, the tolerance ring serves only as a 
manufacturing aid and provides no additional function after completed manufacture. 
Exemplary prior art tolerance ring configurations are disclosed in United States 
Patent No. 5,315,465 issued to Blanks, United States Patent No. 4,286.894 issued to 
Ronglcy, and United States Patent No. 3,838.928 issued to Blaurock ct al. 

Although widely used, most prior art tolerance rings fail to exhibit adequate 
hoop strength. Hoop strength is a measure of the grasping force that a tolerance ring 
is capable of exerting when engaged with the pivot post. Significantly, inadequate 
hoop strength may cause an impermissible degree of movement between the 
tolerance ring and the pivot post. Consequent placement of the actuator assembly 
over an improperly positioned tolerance ring may cause the tolerance ring to foul or 
be forced out of the anchoring groove. 

Additionally, a tolerance ring with insufficient hoop strength is susceptible to 
deformation during shipping and handling. Frequently as a result of mishandling, 
the tolerance ring experiences a helical deformation in which the tolerance ring 
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"twists" about a central axis, thereby rendering the tolerance ring useless for 
subsequent manufacturing purposes. The likelihood of deformation during shippin 
and handling reduces the efficiency of the manufacturing process by necessitating 
the inspection of the parts before introduction into automated assembly. 

With an increasing demand for improved consistency in the installation of 
actuator assemblies, there remains a continuing need for the development of a 
tolerance ring which is resistant to deformation and which exhibits increased hoop 
strength. It is to such improvements that the present invention is directed. 

Summary of the Invention 

The present invention is directed to a tolerance ring that provides increased 
hoop strength and resistance to deformation. 

As exemplified by preferred embodiments, a disc drive includes a bascdeck 
which supports an upwardly extending shaft, such as a post, which defines an 
actuator pivot axis. A tolerance ring constructed in accordance with preferred 
embodiments of the present invention is placed on the post so as to circumfercntially 
extend about an outer surface of the post. An actuator assembly with an inner bored 
recess is thereafter placed onto the post so that the tolerance ring is compressed 
between the surface of the inner bored recess and the outer surface of the post, 
thereby maintaining a desired nominal centering of the actuator assembly about the 
actuator pivot axis. 

The mechanical configuration of the tolerance ring is selected to provide 
increased hoop strength and includes a substantially cylindrical base portion from 
which at least one brace portion and a plurality of contact portions project. The 
brace portion preferably extends along the circumference of the base portion and 
preferably comprises either a circumferentially extending ridge or flange. 

Various other advantages and features of the present invention will be 
apparent from the following detailed description when read in conjunction with the 
drawings and appended claims. 



WO 01/59314 



PCT7US00/28378 



.4. 

Brief Description of the Drawings 

FIG. 1 is a top plan view of a disc drive incorporating a tolerance ring 
constructed in accordance with preferred embodiments of the present invention. 

FIG. 2 is an exploded view of a prior art disc drive similar to FIG. 1 to 
illustrate the manner in which a tolerance ring advantageously facilitates installation 
of an actuator assembly into a disc drive. 

FIG. 3 is a cross-sectional view of the actuator assembly and tolerance ring 
of FIG. 2 along a selected axis of rotation. 

FIG. 4 is an isometric view of a prior art tolerance ring design. 

FIG. 5 is a cross-sectional view of the prior art tolerance ring of FIG. 4 along 
line 5-5 in FIG. 4. 

FIG. 6 is an isometric view of a prior art tolerance ring subjected to 
deformation. 

FIG. 7 is an isometric view of a tolerance ring constructed in accordance 
with a first preferred embodiment of the present invention. 

FIG. 8 is a cross-sectional view of the tolerance ring of FIG. 7 along line <S-S 
in FIG. 7. 

FIG. 9 is an isometric view of a tolerance ring constructed in accordance 
with a second preferred embodiment of the present invention. 

FIG. 10 is a cross-sectional view of the tolerance ring of FIG. 9 along line 
10-10 in FIG. 9. 

FIG. 1 1 is a graphical comparison of the hoop strength exhibited by the prior 
art tolerance ring of FIG. 4 and by the tolerance rings of FIGS. 7 and 9 constructed 
in accordance with the present invention. 

FIG. 12 is a graphical comparison of the resistance to deformation exhibited 
by the prior art tolerance ring of FIG. 4 and by the tolerance rings of FIGS. 7 and 9 
constructed in accordance with the present invention. 

Detailed Description 

In order to provide a detailed description of various preferred embodiments 
of the present invention, reference is first made to FIG. 1 , which provides a lop plan 
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view of a disc drive i 00 of the type used to interface with a host computer to 
magnetically store ard retrieve user data. The disc drive 100 includes a base deck 
102 to which various components of the disc drive 100 are mounted. A top cover 
104 (shown in partial cutaway fashion) cooperates with the base deck 102 to form an 
5 internal, sealed environment for the disc drive. 

A spindle motor (shown generally at 106) is provided to rotate a plurality of 
axially-aligned, rigid, magnetic recording discs 108 at a constant velocity (in 
thousands of revolutions per minute) as indicated by vector 109. User data are 
written to and read from tracks (not designated) on the discs 108 through the use of 
10 an actuator assembly 1 1 0, which rotates about a bearing shaft assembly 1 1 2 

positioned adjacent the discs 108. As discussed below, a tolerance ring constructed 
in accordance with preferred embodiments of the present invention is 
advantageously used to locate the actuator assembly 1 1 0 with respect to the 
basedeck 102. 

15 The actuator assembly 1 1 0 includes a plurality of rigid actuator arms 1 1 4 

which extend toward the discs 108. A plurality of flexible suspension assemblies 
1 16 are attached to the distal end of the actuator arms 1 14. Mounted at the distal 
end of each of the flexible suspension assemblies 1 16 is a head 1 1 8 which includes a 
slider assembly (not separately designated) designed to fly in close proximity to the 

20 corresponding surface of the associated disc 1 08. The heads 1 1 8 are preferably 

characterized as giant magneto-resistive (GMR) heads each having a thin-film 
inductive write element and a GMR read element. 

For reference, it will be understood that the radial position of the heads 1 1 8 
is controlled through the use of a voice coil motor (VCM) 120, which includes a coil 

25 122 as well as a permanent magnet 124 which establishes a magnetic field in which 

the coil 122 is immersed. A second magnetic flux path is disposed above the 
permanent magnet 124. but has not been shown for purposes of clarity. The heads 
1 18 are moved across the surfaces of the discs 108 through the application of current 
to the coil 122. When the disc drive 100 is not in use, the heads 1 1 8 are moved over 

30 and come to rest upon landing zones 126 near the inner diameter of the discs 1 08 

and the actuator assembly 1 10 is secured using a magnetic latch assembly 128. A 
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flex assembly 130 provides the requisite electrical connection paths for the actuator 
assembly 110 while allowing pivotal movement of the actuator assembly 1 10 during 
operation. 

To describe an environment in which preferred embodiments of the present 
5 invention can be advantageously employed, FIGS. 2 and 3 illustrate general use of a 

tolerance ring in the prior art to retain an actuator during assembly of the disc drive. 
For clarity, reference numerals from FIG. 1 are used in FIGS. 2 and 3 for similar 
components. 

As shown in FIG. 2, a post 132 extends from the basedeck 102 to define an 
actuator pivot axis (in the z-axis direction) about which the actuator assembly 
rotates. During assembly, a tolerance ring 1 34 (also referred to as a "spacer ring** or 
"axial support") is placed around the outer surface of the post 132 and the actuator 
assembly 1 1 0 is then inserted over the post 132. Compression of the tolerance ring 
134 between the post 132 and the cartridge bearing assembly 1 12 serves to maintain 
the actuator assembly 1 10 in a desired relation to the actuator pivot axis during 
precise manufacturing processes, thereby improving the accuracy of the actuator 
assembly 1 10 during subsequent operation. 

FIG. 3 provides a cross-sectional view of the actuator assembly 1 10 alter 
installation onto the post 132. As shown by FIG. 3. the cartridge bearing assembly 
1 12 comprises an inner sleeve 136 (with inner bored recess 138), an outer sleeve 
140, and a pair of bearing assemblies 142 disposed therebetween. The tolerance ring 
134 pressingly engages the inner bored recess 138 and the outer surface (not 
designated) of the post 132. While the embodiment of FIG. 3 shows a press-lit 
between the outer sleeve 140 and the actuator assembly 1 10, in an alternative 
embodiment, a second tolerance ring (nominally similar to the tolerance ring 1 34. 
but having a corresponding larger circumference) can be provided between the 
outer sleeve 140 and the actuator assembly 1 10, as desired. 

For purposes of illustrating various operational advantages of the tolerance 
ring of the present invention. FIG. 4 has been provided to show an exemplary 
tolerance ring 144 formed in accordance with the prior art. As will be noted from 
FIG, 4, the tolerance ring 144 is formed from a nominally planar piece of material 
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that is curved to be fitted around a post (or other cylindrical member). The tolerance 
ring 144 includes contact portions 146 (also referred to as ^corrugations'') which are 
evenly spaced around and which project from a substantially cylindrical base portion 
148. The contact portions 146 are shown in FIG. 4 to project radially outwardly in a 
5 direction away from the interior of the tolerance ring 144. However, it will be 

recognized that alternative configurations known in the art include tolerance rings 
with raised surfaces that project inwardly, as well as raised surfaces that 
successively project inwardly and outwardly in an alternating fashion. 

Each contact portion 146 of the prior art tolerance ring 144 has a generally 
rhomboidal cross-sectional shape extending lengthwise, as shown in FIG. 5 which 
represents the view along line 5-5 in FIG. 4. More particularly, the contact portion 
146 of FIG. 5 includes a contact surface 150 which maintains direct contact with the 
object fitted around the tolerance ring 144. 

Turning now to FIG. 6, shown therein is the prior art tolerance ring 144 
exhibiting deformation from installation or handling. The deformation causes the 
end portions of the tolerance ring 144 to "twist," thereby creating a slightly spiraled 
structure. Additional common structural failures include bending (crimping), 
flexing (stretching) and buckling (not shown in FIG. 6). These and other 
deformations may occur during shipping and handling of the tolerance ring 144, 
during installation of the tolerance ring 144 onto the post 132 or during placement of 
the actuator assembly 1 10 about the tolerance ring 144. Insufficient hoop strength is 
a significant cause of structural failures in prior art tolerance rings (such as 144). 

Turning now to FIG. 7, shown therein is a first preferred embodiment of a 
tolerance ring 152 with increased hoop strength. Like the prior art tolerance ring 
144, the tolerance ring 152 is formed from a nominally planar piece of material and 
includes contact portions 146 which are evenly spaced around, and which project 
from, a substantially cylindrical base portion 148. Each contact portion 146 includes 
a contact surface 150 which is used to distribute the force applied by the inner sleeve 
136 of the cartridge bearing assembly 112 during installation of the actuator 
assembly 1 10. Although four contact portions 146 are depicted in FIG. 7, it will be 
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understood that alternative numbers and configurations of contact portions 146 are 
encompassed by the present invention. 

The tolerance ring 152 also includes two brace portions 154 which extend 
along the circumference of the tolerance ring 152. In the first preferred embodiment 
depicted in FIG. 7, the brace portions 154 comprise circumferentially extending 
ridges and are disposed parallel to, and in close proximity with, the top edge 1 56 and 
bottom edge 158 of the tolerance ring 152. Although two brace portions 1 54 are 
depicted, it will be understood that fewer or more brace portions 1 54 could be 
incorporated by the tolerance ring 152. Additionally, the present invention 
contemplates forming the brace portion 154 in other than a parallel relation to the 
top edge 1 56 or bottom edge 1 58 of the tolerance ring 1 52. For example, a single 
brace portion 154 could spirally extend along the circumference of the tolerance ring 
152 from the top edge 156 to the bottom edge 158. Also preferred is forming the 
brace portions 154 during the same production step and from the same construction 
material used to articulate the balance of the features on the tolerance ring 152. 

With reference now to FIG. 8, shown therein is a cross-sectional view of the 
contact portion 146 and brace portions 154 along line 8-8 in FIG. 7. From FIG. 8, it 
can be seen that each brace portion 1 54, or ridge, comprises two steeped sides 1 60 
which intersect one another at an apex 162. To avoid interfering with the proper 
function of the contact portion 146, the apex 1 62 should not outwardly extend 
beyond the contact surface 150. That is, the profile of the brace portion 154 should 
be smaller than the corresponding profile of the contact portion 146. 

Turning now to FIG. 9, shown therein is an isometric view of a second 
preferred embodiment of the tolerance ring 152 with an alternate brace portion 164. 
In the second preferred embodiment, each brace portion 164 comprises a flange, 
disposed at either the top edge 1 56 or the bottom edge 158. Of course, although two 
brace portions 164 are depicted in FIG. 9, it will be understood that use of a single 
brace portion 164 is also encompassed by the present invention. Preferably, the 
brace portions 164 are formed during the same production step and from the same 
construction material used to articulate the balance of the features on the tolerance 
ring 152. 
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Turning now to FIG. 10, shown therein is a cross-sectional view of the 
contact portion 146 end alternate brace portions 164, or flanges, along line 10-10 in 
FIG. 9. To avoid interfering with the proper distribution of contact forces by the 
contact portion 146, the brace portion 164 should not outwardly extend beyond the 
contact surface 150. That is, the profile created by the brace portions 164 should be 
less than the profile created by the contact portions 146. 

Referring now to FIG. 1 1, shown therein is a graphical comparison of the 
hoop strength exhibited by the prior art tolerance ring 144 (represented by curve 
1 64) and by the tolerance ring 152 constructed in accordance with the present 
invention (represented by curve 166). The curves 164, 166 are plotted against a y- 
axis 168 representative of the force exerted by the tolerance rings 144, 152 as the 
diameter of the post 132 increases along the x-axis 170. The relative hoop strengths 
of the tolerance rings 144, 152 are evaluated by fitting dimensionally similar 
tolerance rings 144, 152 around a series of posts 132 with incrementally increasing 
diameters. As the diameter of the post 132 increases, the amount of grasping force 
exerted by the fitted tolerance rings 144, 152 also increases. 

A comparison of curves 166 and 164 reveals that the inventive tolerance ring 
152 (constructed with at least one brace portion 154,164) exhibits a greater hoop 
strength than the prior art tolerance ring 144. The improved hoop strength is 
especially important in the lower range of grasping force where too little grasping 
force results in a tolerance ring that loosely engages the post 1 32. As mentioned 
above, a loosely fitting tolerance ring may foul or slip from its intended position 
during the subsequent installation of the actuator assembly. 

Turning now to FIG. 12, shown therein is a graphical comparison of 
deformation resistance exhibited by the prior art tolerance ring 144 (represented by 
curve 172) and the tolerance ring 152 constructed in accordance with the present 
invention (represented by curve 174). The deformation curves 172,174 are plotted 
against a deformation axis 176 and a force axis 178. 

The comparison of curves 172, 1 74 reveals that the tolerance ring 152 
(constructed with at least one brace potion 154,164) exhibits a greater resistance to 
deformation caused by an externally applied force, such as, for example, from 
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mishandling or from installation of the actuator assembly 1 1 0. Although the 
inventive tolerance ring 152 does eventually deform (curve 174), it is significant that 
the initial deformation occurs at greater applied force and is more gradual than the 
deformation realized by the prior art tolerance ring 144. It will be understood that 
5 the scale and deformation characteristics of the respective tolerance rings 1 44, 1 52 

in FIGS. 1 1 and 12 have been exaggerated somewhat to more clearly demonstrate 
the differences therebetween. 

In view of the foregoing, it will now be understood that the present invention 
is directed to a tolerance ring which provides increased hoop strength when fitted 
about a stationary post. Additionally, the inventive tolerance ring exhibits an 
increased resistance to deformation in the presence of an applied force. 

In accordance with preferred embodiments, a tolerance ring (such as 152) 
has a substantially cylindrical base portion (such as 148) from which a plurality of 
spaced apart contact portions (such as 146) radially extend. Each contact portion 
has a contact surface (such as 150) which distributes the forces exerted during 
installation of an actuator assembly (such as 1 10). The tolerance ring 152 also 
includes a brace portion (such as 1 54 or 1 64) that extends along the circumference 
of the base portion 148. Preferably, the profile of the brace portion 1 54, 164 is 
nominally less than the profile of the contact portions 146. 

For purposes of the amended claims, the term "means for increasing the hoop 
strength' 5 will be clearly understood as corresponding to the brace portions 1 54, 1 64 
of FIGS. 7-10 and will explicitly exclude as nonequivalent structures the prior art 
structures shown in FIGS. 2-6. The term "hoop strength" will be understood 
consistent with the foregoing discussion to describe the ability to resist deformation 
of the tolerance ring in response to handling or installation. 

It will be clear that the present invention is well adapted to attain the ends 
and advantages mentioned as well as those inherit within. While the presently 
preferred embodiment has been described for purposes of this disclosure, numerous 
changes may be made which will readily suggest themselves to those skilled in the 
art and which are encompassed in the spirit of the invention disclosed as well as 
defined in the appended claims. 
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What is claimed is: 

1 . A tolerance ring circumferential ly extending about an axis, 
comprising: 

a substantially cylindrical base portion extending an axial length along the 
5 axis and a radial length about the axis; 

a plurality of spaced apart contact portions which project a first radial 
distance from the base portion, wherein the plurality of contact 
portions cooperatively act with the base portion to mechanically 
engage an inner surface of a first member with an outer surface of a 
1 0 second member; and 

a separate brace portion which circumferentially extends about the axis and 
which projects from the base portion a second radial distance less 
than the first radial distance to increase the hoop strength of the 
tolerance ring. 

15 

2. The tolerance ring of claim 1 , wherein the brace portion comprises a 
circumferentially extending flange disposed at a top or bottom limit of the height. 



3. The tolerance ring of claim 1, wherein the brace portion comprises a 
20 circumferentially extending ridge having an apex formed by the intersection of two 

steeped portions. 

4. The tolerance ring of claim 3, wherein the circumferentially 
extending ridge is disposed at a selected distance above or below the plurality of 

25 contact portions. 



30 
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5. A disc drive, comprising: 
a basedeck; 

a spindle motor supported on the basedeck; 

a disc supported on the spindle motor for rotation about a disc axis; 

a moveable actuator assembly which pivotally supports a head adjacent the 

disc, the actuator assembly having a central aperture with an inner 

surface; 

a stationary shaft supported on the basedeck having an outer surface and 

which defines an actuator axis nominally parallel to the disc axis; and 

a tolerance ring compressingly disposed between the inner and outer surfaces 
to mount the actuator assembly for rotation about the shaft, 
comprising: 

a substantially cylindrical base portion extending an axial length 

along the actuator axis and a radial length about the actuator 
axis; 

a plurality of spaced apart contact portions which project a first radial 
distance from the base portion, wherein the plurality of 
contact portions cooperatively act with the base portion to 
mechanically engage the inner and outer surfaces; and 

a separate brace portion which circumferentially extends about the 
actuator axis and which projects from the base portion a 
second radial distance less than the first radial distance to 
increase the hoop strength of the tolerance ring. 

6. The disc drive of claim 8, wherein the brace portion comprises a 
circumferentially extending flange disposed at a top or bottom limit of the height. 

7. The disc drive of claim 8, wherein the brace portion comprises a 
circumferentially extending ridge having an apex formed by the intersection of two 
steeped portions. 
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8. The d sc drive of ciaim 8, wherein the circumferentially extending 
ridge is disposed at a selected distance above or below the plurality of contact 
portions. 
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AMENDED CLAIMS 

[received by the Internationa] Bureau on 1 1 April 2001 (1 1.04.01); 
original claims t, 4, 5 and 8 amended; original 
claims 2, 3, 6 and 7 cancelled; (3 pages)] 
1 . A tolerance ring circumferentially extending about an axis, 

comprising: 

a substantially cylindrical base portion extending an axial length along the 
5 axis and a radial length about the axis; 

a plurality of spaced apart contact portions which project a first radial 
distance from the base portion, wherein the plurality of contact 
portions cooperatively act with the base portion to mechanically 
engage an inner surface of a first member with an outer surface of a 
10 second member, and 

a separate brace portion which comprises a circumferentially extending 
ridge having an apex formed by the intersectin of two steeped 
portions, the separate brace portion circumferentially extending 
about the axis and which projects from the base portion a second 
1 5 radial distance less than the first radial distance to increase the hoop 

strength of the tolerance ring. 



4. The tolerance ring of claim 1 , wherein the circumferentially 
extending ridge is disposed at a selected distance above or below the plurality of 
20 contact portions. 



5. A disc drive comprising 
a basedeck; 

a spindle motor supported on the basedeck; 
25 a disc supported on the spindle motor for rotation about a disc axis; 
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a moveable actuator assembly which pivotally supports a head adjacent the 
disc, the actuator assembly having a central aperture with an inner 
surface; 

a stationary shaft supported on the basedeck having an outer surface and 
5 which defines an actuator axis nominally parallel to the disc axis; 

and 

a tolerance ring compressingly disposed between the inner and outer 

surfaces to mount the actuator assembly for rotation about the shaft, 
comprising: 

10 a substantially cylindrical base portion extending an axial length 

along the actuator axis and a radial length about the actuator 
axis; 

a plurality of spaced apart contact portions which project a first 

radial distance from the base portion, wherein the plurality 
15 of contact portions cooperatively act with the base portion to 

mechanically engage the inner and outer surfaces; and 

a separate brace portion which comprises a circumferentially 

extending ridge having an apex formed by the intersectin of 
two steeped portions, the separate brace portion 
20 circumferentially extending about the axis and which 

projects from the base portion a second radial distance less 
than the first radial distance to increase the hoop strength of 
the tolerance ring. 
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8. The disc drive of claim 5, wherein the circumferentially extending ridge 
is disposed at a selected distance above or below the plurality of contact portions. 
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STATEMENT UNDER ARTICLE (19) 

Claim 1 has been amended to include the limitation of originally filed claim 3, 
more specifically, the brace portion comprising a circumferentially extending ridge 
having an apex. The prior art reference, British Patent No. 1,036,1 8 1 issued to George 
Angus & Company Limited, teaches a tolerance ring. Specifically, on page 2, lines 70 
through 82, the British Patent teaches the development of a second brace portion 
which radially extends less than the first brace portion. However, the British Patent 
fails to disclose the second brace portion having an extending ridge having an apex 
formed by the intersection of two steeped portions, as now claimed by claim 1, and 
fails to suggest or otherwise motivate a skilled artisan to arrive at the claimed 
combination of claim 1. 

Claim 5 has been amended to include the limitations of claim 7, more 
specifically the brace portion comprising a circumferentially extending ridge having 
an apex. The prior art reference EP 0 522 717 A2 teaches a tolerance ring for use in a 
disc drive, and British Patent No. 1,036,181 teaches the use a second brace portion 
which radially extends less than the first brace portion. However, these prior art 
references do not teach the second brace portion having an extending ridge having an 
apex formed by the intersection of two steeped portion. 
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